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Systems and Methods for Adaptive Medical Decision Support 

By Risto Miikkulainen, Austin, Texas; Mike Dahlin, Austin, Texas; and 
Randy Lipscher, Austin, Texas. 

** 

TECHNICAL FIELD OF THE INVENTION 

The present invention relates generally to computer-implemented systems and 
methods for gathering and analyzing medical information. More specifically, the 
invention is directed to a system and method for gathering and analyzing medical 
information and adaptively supporting medical decision-making. 

BACKGROUND OF THE INVENTION 
As human populations continue to expand more rapidly than the number of 
medical professionals, medical professionals become more scarce. Thus, medical 
professionals have ever-increasing needs to more efficiently serve their growing 
patient numbers, while maintaining consistent levels of quality and accuracy for the 
medical care that they provide. Many medical professionals use electronic medical 
records systems (EMR systems) to aid their practices. EMR systems allow users to 
electronically record, access, and analyze medical information and treatment orders. 
EMR systems can streamline data gathering, can bring standardization to the storage 
and presentation of medical information, can provide consistent access to medical 
information, and have in some instances been shown to improve accuracy in 
diagnoses and treatment orders. 

Though EMR systems bear some advantages, the systems do not always 
increase efficiency to degrees that merit the time and cost of building and 
implementing them. For instance, many such systems have only one or a few 
centralized points of access - terminals or other computing devices - at which data 
must be entered and received. Users must often collect data themselves and then enter 
it into the system, nearly doubling their work. These points of access must also be 
used to access data. While electronic access is typically faster than sorting through 
paper files, the data must often be accessed, printed or written, and then delivered or 
relayed to another medical professional or patient who is not present at the access 
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point. Again, the advantage of the systems over paper methods is only slight, when 
weighed against the time and cost required to build and implement the systems. 

Because of the inefficiencies involved with using centralized points of access, 
electronic medical systems have rarely been adopted, except for storage purposes. 
Thus, systems that might support medical professionals, or other users, with medical 
decision-making have been slow to develop. In the 1970's, systems began to develop, 
which attempted to integrate clinical decision support with electronic medical recbrds, 
by flagging errors or symptoms and by suggesting questions, tests, diagnoses or 
treatments. But again, users could access the systems only after locating one of a 
certain few designated hardware devices. The user was required to enter information, 
wait for system suggestions, and then relay the information to others at remote 
locations. In, medical practices, this often frustrated both the medical professional and 
the patient, by disrupting patient-doctor interactions and the fluid course of business 
within medical care facilities. 

Over time, the systems have become more specialized. But, as expensive and 
time-consuming as these systems are to build, they are only made more cumbersome 
by tailoring them to meet the needs of individual users. Medical practitioners, for 
example, often practice in specialized fields, such as cardiology or pediatric surgery. 
General practitioners often serve specific patient populations. All practitioners would 
be helped by tailoring systems to account for the peculiarities of their particular 
medical field and the history of cases that they have served, while also integrating 
their individual habits or preferences for routine diagnostic methods, terminology, 
certain medication types or brands, etc., into the systems. Thus, the current systems 
are not nearly as efficient, helpful, accurate, or easy to use, as they could be, or as 
users need them to be. 

Some inventions make efforts to make individual, highly-specialized tasks 
more efficient and precise. These systems often employ learning systems or 
artificially-intelligent systems to enhance medical services. However, the systems are 
directed toward specific tasks. Some are only useful only for diagnosing one certain 
type of cancer; or predicting only the probability of heart attack or stroke, based on 
probabilities and biochemical markers. Other systems provide data analysis and 
interpretation, to recommend diagnoses or predict treatment outcomes, based on 
analytical models. Though a bit more useful than traditional rule-based systems, these 
inventions still do not learn individual preferences, habits, and case histories of their 
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users and do not serve more than their single specific tasks. Additionally, the systems 
do not assist in assessing patients. Rather, they operate from a patient record that is 
established solely by the treatment provider. Thus, their utilities are fundamentally 
tied to the accuracy of the judgment of the treatment provider. Finally, because of the 
complex technology and great specialization involved in these systems, they are often 
monetarily out-of-reach for all but the most successful medical practices, and can 
hardly be justified for any but the most specialized. 

Additionally, medical professionals often benefit from the experience of other 
medical professionals via consultations, training, treatment guidelines, or supervision. 
As electronic medical systems are deployed, they will be in a position to both observe 
the decisions of medical professionals and to dispense guidance to medical 
professionals. However, current systems do not provide an automated way to base 
guidance given to one medical professional (such as a medical student or nurse) on 
the decisions and experience of other medical professionals (such as residents or 
attending physicians). What is needed, then, is a method and system that learns the 
decision patterns of individual and groups of medical professionals and uses those 
decision patterns to guide other medical professionals. 

Hence, there is a great need in the medical community for a system that allows 
users to efficiently enter, access, and analyze medical information, without disrupting 
patient-doctor interactions or medical facility business; which assists in all stages of 
medical assessment and treatment; and which is tailored to the particular medical 
practice or specialty and taking into account the developing habits, preferences, 
performance, and individual patient histories, of an individual user. 



SUMMARY 

The current invention is directed to a computer-implemented method for 
adaptively supporting medical decisions of one or more users. The invented method 
first includes receiving data and predicting one or more medical decisions based on 
the data. Data may be received via a wireless communication means such as infrared 
signals, radio signals, and pulse codes. The data may be received from the immediate 
user, from a user who is not the immediate user, from information computers on 
which data are stored, from medical devices, and from network ports. The method 
also includes displaying the predicted medical decision(s). 
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The method also includes receiving one or more user-decisions. Each user- 
decision may be a predicted medical decision or may not be a predicted medical 
decision. The method also includes learning to predict the at least one user-decision 
from the data received. Learning may comprise updating one or more learning 
modules chosen from a group consisting of behavioral models, role-based algorithms, 
learning-based algorithms, or neural networks. Learning may further comprise 
customizing operations to at least one parameter, such as preferences of a user, habits 
of a user, medical specialties of a user, patient populations of a user, preferences of a 
group of users, habits of a group of users, medical specialties of a group of users, and 
patient populations of a group of users. The method may also include, after the step 
of receiving user-decisions, executing the user-decisions. The method may also 
include automatically executing the predicted medical decisions, before user- 
decisions are received. Executing a decision may comprise changing the state of a 
computation or process or communicating with an entity external to the system in 
some manner such as storing the decision, altering a computer display, updating a 
diagnosis or finding, ordering a medication, ordering a laboratory test, ordering an 
imaging test, ordering a consultation, retrieving information, displaying an article, 
changing the control path of a task, asking the user a question, sending information to 
a user, controlling a medical device, and the like. In one embodiment, the steps of the 
invented method may provide a "virtual specialist" to a user, by providing information 
pertaining to at least one medical specialty to the at least one user. 

The method may also include displaying an electronic medical chart graphical 
user interface. 

The invented method may be implemented on at least one portable computing 
device. Alternatively, the method may be implemented on a host computer that 
receives data transmitted from one or more portable computing devices, which also 
receive and display output from the host computer. 

One embodiment of the current invention includes receiving data and 
transmitting the data to one or more neural networks. One or more medical decisions 
are then predicted by the neural networks, and the predicted medical decisions are 
displayed. One or more user-decisions are then received from the user or users. Each 
user-decision may be a predicted medical decision or may not be a predicted medical 
decision. The method also includes learning to predict the user-decisions from the 
data received, by updating the neural networks. 
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Another embodiment of the current invention is directed to an instance in 
which the learning is based on the decisions of one or more first users who are not the 
immediate user or users. This embodiment includes receiving one or more first 
quantities of data and one or more user-decisions from one or more first users* The 
embodiment includes learning to predict the user-decisions from the first quantities of 
data received. The embodiment next includes receiving one or more second quantities 
of data, predicting one or more medical decisions, and displaying the predicted 
medical decisions. The embodiment includes receiving one or more second user- 
decisions, but not learning from them. 

Another embodiment of the current invention is directed to using rule-based 
algorithms to make predictions while learning develops. This embodiment includes 
receiving a first quantity of data and using at least one rule-based algorithm to predict 
one or more first medical decisions. These first medical decisions are displayed. The 
embodiment then includes receiving one or more user-decisions from one or more 
first users. The method may include executing the user-decisions, after they are 
received. The embodiment then includes learning to predict the user-decisions from 
the data received. The embodiment may also include executing the first predicted 
medical decision, before receiving the user-decisions. The embodiment also includes 
receiving a second quantity of data and using one or more learning-based algorithms 
to predict one or more second medical decisions. One or more third medical decisions 
are also predicted by the one or more rule-based algorithms. The method then 
involves displaying the second predicted medical decisions, or the third predicted 
medical decisions, or both. Which decisions are displayed may be selected 
automatically by a computing device or by one or more users. The embodiment may 
also include automatically executing either the second or third predicted medical 
decisions, or both. 

Users of the invention may include different classes of users such as medical 
doctors, nurses, nurse practitioners, residents, medical students, medical staff, 
administrative staff, technicians, patients, payors, pharmacy benefits managers, 
insurance companies, and consultants. In one embodiment of the method, decisions 
are predicted for a first user or group of users, via the predictive model of a second 
user or group of users who may be of a different class than the first user. 

The current invention is also directed to a software program, embodied on a 
computer-readable medium, incorporating the invented method. 
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The current invention is also directed to a computer-based system for 
adaptively supporting medical decisions of one or more users. The system includes 
means for receiving data; means for predicting medical decisions; means for receiving 
at least one user-decision; display means; and means for learning to predict the at least 
one user-decision from the data received. The system may comprise one or more 
portable computing devices, or it may comprise both a host computer and one or more 
portable computing devices. The portable computing devices may be linked or 
integrated with a medical instrument. Each computing device may communicate with 
the host computer via a wireless communication means consisting of radio signals, 
infrared signals* or pulse codes. The means for learning may comprise one or more 
learning modules selected from a group consisting of at least one behavioral model, at 
least one rule based algorithm, at least one learning-based algorithm, and at least one 
neural network. 



BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a pictorial diagram, illustrating the components and steps of one 
embodiment of the currently invented method, in which at least one User Device and 
at least one general use device transmit and receive data with a Host Computer. 

FIG. 2 shows a pictorial diagram, illustrating the components and steps of one 
embodiment of the currently invented method, in which each User Device performs 
the functions of the Host Computer. 

FIG. 3 shows a pictorial diagram, illustrating the components and steps of one 
embodiment of the currently invented method, in which a signal receiver/transmitter 
relays signals between the Host Computer and at least one User Device. 

FIG. 4 shows a table illustrating examples of patient data and medical data that 
may be transmitted to the Host Computer. 

FIG. 5 shows a table illustrating examples of information that may be 
transmitted to users from the Host Computer. 

FIG. 6 shows a flow diagram, illustrating the steps and flow of the currently 
invented method. 

FIG. 7 shows a pictorial diagram, illustrating one embodiment for 
implementing Ihe method shown in FIG. 6, in a multi-user environment. 
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FIG. 8 shows a pictorial diagram, illustrating an alternative embodiment for 
implementing the method shown in FIG. 6, in a multi-user environment. 

FIG. 9 shows an example of an electronic medical chart graphical user 
interface that may be used in an embodiment of the current invention. 

FIG. 10 is a flow diagram illustrating an embodiment of the steps, in which a 
user may interact with the currently invented systems and methods. 

FIG. 1 1 illustrates an example implementation of a learning-based model, in 
accordance with the current Invention. 

FIG. 12 illustrates an example implementation of a neural networks system. 

DETAILED DESCRIPTION 
Referring now to the present invention, embodiments and examples of which 
are illustrated in the accompanying drawings, the current invention is directed to a 
system for adaptive medical decision support. Referring to FIG. 1, the system 
includes at least one User Device 100. These devices allow users to enter and receive 
medical data with a Host Computer 102, The User Device 100 comprises a portable 
computing device that is capable of communicating with other computing devices via 
a wireless communication link 101. The User Device 100 may comprise any portable 
computing device suitable for implementing the current invention, including a 
handheld wireless computing device, a wireless tablet form factor device, or a desktop 
or laptop computing device. The User Device 100 may also comprise a computing 
device linked or integrated with a medical instrument. The user interacts with the User 
Device 100 across a graphical user interface (GUI). In one embodiment of the 
invention, the GUI comprises an electronic medical chart interface that presents and 
organizes the data in the manner of paper medical charts, which are known to those in 
the medical field. 

A user enters data via the User Device 100, which transmits the data via the 
wireless communication link 101 to the Host Computer 102. The data may comprise 
patient data, clinical data, or instructions to be executed by the Host Computer 102. 
The Host Computer 102 may be any computing device that is capable of receiving, 
transmitting, storing, and analyzing data, and executing operations. The Host 
Computer 102 may be a portable personal computer, a desktop personal computer, a 
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handheld computing device that is capable of communicating remotely with other 
computers, or it may be a web server computer 

The wireless communication link 101 may comprise any technology suitable 
for relaying signals between a wireless computing device and a host computing 
device, without interference among separate wireless computing devices. This may 
include a number of wireless technologies that are well-known to those skilled in the 
art, including infrared signals, radio frequency signals, pulse codes, or frequency- 
diode modulation. In one embodiment, one or more additional users may enter data 
via the User Devices 100, which transmit the data via the wireless communication 
link 101 to the Host Computer 102. This data may comprise patient data, clinical data, 
or instructions to be executed by the Host Computer 102. For example, a patient may 
enter data about his condition using a User Device 100 and those data are then 
transmitted to the Host Computer 102 via the wireless communication link 101. In 
another example, a medical technician or laboratory may enter data via a User Device 
100, which transmit the data via the wireless communication link 101 to the Host 
Computer 102. This data may comprise the results of medical tests on a patient. 

The Host Computer 102 may also retrieve additional data from computers that 
are external to the Host Computer 102. This data may comprise patient data, clinical 
data, or instructions to be executed by the Host Computer 102. In the embodiment 
shown in Fig. 1 , the external computers comprise at least one Informational Computer 
104. 

The Host Computer 102 receives data and responds by executing operations 
and transmitting information. The Host Computer 102 may also store the data. In one 
embodiment, the data is stored on the Host Computer 102 in the form of an electronic 
chart. The data may also be stored on computers that are external to the Host 
Computer 102. In the embodiment shown in Fig. 1, the data is stored on Informational 
Computers 104, with which the Host Computer 102 communicates. The Host 
Computer 102 transmits information to the User Device 100 via wireless 
communication link 101. Examples of this information may include recommended 
diagnostic questions or tests that serve to reduce the probability of oversights during 
medical examination; past medical information for the patient; alternatives for 
diagnoses and treatment orders; and medical information, such as journal articles and 
the like. The Host Computer 102 may provide all relevant information and 
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recommendations to the user, or only portions, and it may execute operations and 

provide information automatically or in conformity with user instructions. 

Where the Host Computer 102 acts automatically, it does so by predicting 

decisions that the user, a separate user, or group of users will make during the course 

of treating each patient. These decisions may pertain to elements of medical 

examination, such as questions, findings, lab tests, clinical tests, or imaging; diagnosis 

« 

and resulting treatment orders; and information that the user needs, such as r^itient 
history information, the opinions and recommendations of medical specialists or other 
medical professionals, similar cases that the user has served, and instructive 
information, such as journal articles and the like. Upon predicting user decisions, the 
Host Computer 102 forwards data pertaining to each decision that it has predicted. For 
example, in one embodiment, upon receiving data from the user, the Host Computer 
102 may predict a certain diagnosis and then forward pertinent journal articles or 
suggested treatment orders to the user, to a separate user, or to a collection of users. In 
another embodiment, the Host Computer 102 may suggest diagnostic tests or 
questions that can eliminate potential oversights in the user's rendering of diagnoses 
or treatment orders. 

Where the Host Computer 102 performs operations and forwards information 
according to user choice, the Host Computer 102 predicts the decisions that will be 
made by user and presents these decisions to the user by displaying them on the User 
Device 100. The user may select from the decisions predicted by the Host Computer 
102, or enter alternatives. The Host Computer 102 then provides information or 
executes operations according to the user's input, which may comprise one or more of 
the predicted decisions or decisions that were not predicted. For example, in one 
embodiment, upon receiving patient or clinical data about a patient from the user, the 
Host Computer 102 may predict a certain diagnosis or range of diagnoses and display 
these to the user via the User Device 100. The user may then enter a selection, via the 
User Device 100, from among the diagnoses displayed. The user may also enter a 
diagnosis or range of diagnoses that are not displayed. Upon receiving the user's 
entry, the Host Computer 102 may then execute operations such as retrieving 
information such as journal articles, updating files, or suggesting treatment orders or 
further diagnostic tests or questions. The Host Computer 102 then displays resulting 
information to the user via the User Device 100. 

9 
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The Host Computer 102 makes its predictions about a user's or a group of 
users' medical decisions, via a learning means that may execute behavioral models; 
rule-based algorithms, including rules, static lists, and decision support systems, such 
as MEDCIN; learning-based algorithms; neural networks; or any combination of 
these. In one embodiment, the Host Computer 102 utilizes a combination of rule- 
based algorithms and learning-based algorithms. In this embodiment, the Host 
Computer 102 maintains behavioral model of the user to make its predictions of 
decisions that the user will make. During an initial period of use, the behavioral model 
is essentially empty. Thus, the Host Computer 102 makes its predictions based on 
rule-based algorithms. The behavioral model is updated, when data and decisions are 
received from the user. As the behavioral model becomes more developed, 
predictions may be made based on both rule-based algorithms and the learning-based 
behavioral model. The resulting information may be merged together, producing a 
single output, or the information of each type may be kept separate and made 
selectable by the user. The user then has the option to disable the rule based 
algorithms, when the user determines that the behavioral model has progressed 
beyond tbem. Additionally, the learning means may be disabled by the user, such that 
the predictive capability remains, without updating. 

In another embodiment, each operation performed by the Host Computer 1 02 
may comprise a plurality of decision nodes. The Host Computer 102 may then employ 
a neural network at each decision node, for predicting the decision that will be made 
by a user at the decision node. The Host Computer 102 may be programmed to 
execute the decision that it predicts or the decision that is input by the user. The Host 
Computer 102 updates each neural network, after receiving data and actual decisions 
from the user. Regardless of the embodiment of the learning means, the prediction 
process is thus adapted to the user, such that the Host Computer 102 will predict the 
decisions actually input by a user in one case, when similar data or combinations of 
data are received in another case. But, the predictive process may also be updated, by 
predictively customizing the operations to the user's habits and preferences, while 
taking into account the characteristics of the user's specialty and patient populations. 
For instance, by updating its learning module with user habits, preferences, etc., the 
Host Computer 102 can increase its ability to predict when the user is likely to consult 
the virtual specialist feature of the invention, what medications the user prefers to 
prescribe for various ailments, what tests or diagnoses, if any, are commonly or 
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uniformly rendered among the user's patient populations, etc. Thus, in addition to 
better predicting diagnoses and pertinent information, the Host Computer 102 can 
tailor the details of all its operations to the user's habits and preferences. 

Regardless of the algorithms or models employed by the learning means, the 
Host - Computer 102 may update the learning means each time that data or decisions 
are received from the user. Alternatively, updating may occur in "batch form/* 
whereby updating occurs after a set period, such as after each case is complete, after a 
pre-defined number of cases are complete, after a pre-defined time period elapses, or 
after a pre-defined amount of data or decisions are received from the user, or any 
combination of these. 

The system also provides at least one General Use Device 103 for interacting 
with the Host Computer 102. The General Use Device 103 is a computing device that 
communicates with the Host Computer 102. The General Use Device 103 may be 
non-portable. The General Use Device 103 may be a terminal computer that is 
dedicated to the Host Computer 102. The communication link between the General 
Use Device 103 and the Host Computer 102 may be wireless or wired. This 
communication may comprise communication via a global network (such as Internet), 
a wide area network, or a local area network. In one embodiment, the General Use 
Device 103 comprises at least one desktop computer that is centrally-located in an 
environment employing the system (such as a hospital), and is used for interacting 
with the Host Computer 102, in circumstances where patient/medical professional 
relationships are not disrupted or must be disrupted. Examples of circumstances 
where relationships are not disrupted include maintenance of the system or software 
installation, or where "batch" entry or review of medical data is desired. Examples of 
circumstances in which relationships must be disrupted include cases that are 
especially difficult and that require an atypically lengthy amount of study and 
analysis. The Host Computer 102 may retrieve some or all information that it 
transmits to the user from its own memory. The Host Computer 102 may also, or 
alternatively, retrieve information that it transmits to the user from computers that are 
external to the Host Computer 102. In the embodiment shown in Fig. I, the Host 
Computer 102 retrieves information from at least one Informational Computer 104. 
Where multiple Informational Computers 104 arc used, they may geographically 
distributed. The Host Computer 102 may communicate with each Informational 
Computer 104, via any suitable means for communication among computing devices. 
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This may include wired or wireless means and may include communication via global 
network, such as Internet, wide area network, or local area network. In one 
embodiment, each Informational Computer 104 is a server computer, with which the 
Host Computer 102 communicates across a network. 

The Host Computer 102 may also retrieve some or all information that it 
transmits to the user from a User Device 100 or a General Use Device 103 used by a 
different user to enter medical information. In one embodiment, a patient entered 
medical information about his condition into one User Device 100 and this 
information is transmitted to the User Device 100 used by a medical doctor via the 
Host Computer 102. 

Referring now to FIG. 2, the system includes at least one User Device 200. 
The User Device 200 comprises a portable computing device that is capable of 
communicating with other computing devices via a wireless communication link 201 . 
The User Device 200 may comprise any portable computing device suitable for 
implementing the current invention, including those examples described with 
reference to FIG. 1 . A user interacts with the User Device 200 across a graphical user 
interface (GUI). In one embodiment of the invention, the GUI comprises an electronic 
medical chart interface that presents and organizes the data in the manner of paper 
medical charts, which are known to those in the medical field. 

A user enters data via the User Device 200. The data may comprise patient 
data, clinical data, or instructions to be executed by the User Device 200. The User 
Device 200 may store the data received from the user. In one embodiment, the data is 
stored in the form of an electronic chart, onto one or more Informational Computers 
204, with which the User Device 200 communicates. In one embodiment, one or more 
additional users may enter data via the User Devices 200, which transmit the data via 
the wireless communication link 201 to other User Devices 200. This data may 
comprise patient data, clinical data, or instructions to be executed. For example, a 
patient may enter data about his condition using a User Device 200 and those data are 
then transmitted to the User Device 200 that is used by a medical professional or 
group of medical professionals. Similarly, a medical technician or laboratory may 
enter data via a User Device 200, which transmit the data via the wireless 
communication link 201 to a User Device 200 that is used by the medical professional 
or group of medical professionals. This data may comprise the results of medical tests 
on a patient. 
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The User Device 200 may also retrieve additional data from computers that 
are external to the User Device 200. This data may comprise patient data, clinical 
data, or instructions to be executed by the User Device 200. In the embodiment shown 
in Fig. 2, the external computers comprise at least one Informational Computer 204. 

The User Device 200 responds lo input data by executing operations and 
outputting information to the user. Examples of this information may include 
recommended diagnostic questions or tests that serve to reduce the probability of 
oversights during physical examination; past medical information for the patient; 
alternatives for diagnoses and treatment orders; and medical information, such as 
journal articles and the like. The User Device 200 may provide all relevant 
information and recommendations to the user, or only portions, and it may execute 
operations and provide information automatically or in conformity with user 
instructions. 

Where the User Device 200 acts automatically, it does so by predicting 
decisions that the user will make during the course of treating each patient. These 
decisions may pertain to elements of physical examination, such as questions, lab 
tests, clinical tests, or imaging; diagnosis and resulting treatment orders; and 
information that the user needs, such as patient history information, the opinions and 
recommendations of medical specialists or other medical professionals, similar cases 
that the user has served, and instructive information, such as journal articles and the 
like. Upon predicting user decisions, the User Device 200 outputs data pertaining to 
each decision that it has predicted. For example, in one embodiment, upon receiving 
data from the user, the User Device 200 may predict a certain diagnosis and then 
forward pertinent journal articles or suggested treatment orders to the user. In another 
embodiment, the User Device 200 may suggest diagnostic tests or questions that can 
eliminate potential oversights in the user's rendering of diagnoses or treatment orders. 
Where the User Device 20U performs operations and forwards information according 
to a user's choice, the User Device 200 predicts the medical decisions that will be 
made by a user and displays these predicted medical decisions to the user. The user 
may select from the decisions predicted by the User Device 200 or enter alternatives. 
The User Device 200 then provides information or executes operations according to 
the user's input, which may comprise one or more of the predicted decisions or 
decisions that were not predicted. For example, in one embodiment, upon receiving 
patient or clinical data about a patient from the user, the User Device 200 may predict 
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a certain diagnosis or range of diagnoses and display these to the user. The user may 
then enter a selection, via the User Device 200, from among the diagnoses displayed, 
or the user may enter a diagnosis or range of diagnoses that are not displayed. Upon 
receiving the user's entry, the User Device 200 may then execute operations such as 
retrieving information including journal articles, updating files, or suggesting 
treatment orders or further diagnostic tests or questions. The User Device 200 then 
displays resulting information to the user. J 

The User Device 200 makes its predictions about a user's medical decisions, 
via a learning means that may execute behavioral models, rule-based or learning- 
based algorithms, and neural networks, in any of the manners described with 
reference to FIG. I. In one embodiment, the User Device 200 utilizes a combination 
of rule-based algorithms and learning-based algorithms. In this embodiment, the User 
Device 200 maintains a behavioral model of the user to make its predictions of 
decisions that the user will make. During an initial period of use, the behavioral model 
is essentially empty. Thus, the User Device 200 makes its predictions based on rule- 
based algorithms. The behavioral model is updated, when data and decisions are 
received from the user. As the behavioral model becomes more developed, 
predictions may be made based on both rule-based algorithms and the learning-based 
behavioral model. The resulting information may be merged together, producing a 
single output, or the information of each type may be kept separate and made 
selectable by the user. The user then has the option to disable the rule-based 
algorithms, when the user determines that the behavioral model has progressed 
beyond them. Additionally, the learning means may be disabled by the user 
instruction, such that the predictive capability remains, without updating. 

Regardless of the embodiment of the learning means, the prediction process is 
thus adapted to the user, such that the User Device 200 will predict the decisions 
actually input by a user in one case, when similar data or combinations of data are 
received in another case. But, the predictive process may also be updated, by 
predictively customizing the operations to the user's habits and preferences, while 
taking into account the characters of the user's specialty and patient populations. For 
instance, by updating its learning module with user habits, preferences, etc., the User 
Device 200 can increase its ability to predict when the user is likely to consult the 
visual specialist feature of the invention, what medications the user prefers to 
prescribe for various ailments, what tests or diagnoses, if any, are commonly or 
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uniformly rendered among the user's patient populations, etc. Thus, in addition to 
better predicting diagnoses and pertinent information, the User Device 200 can tailor 
the details of all its operations to the user's habits and preferences. No matter the 
algorithms or models employed by the learning means, the User Device 200 may 
update the learning means each time that data or decisions are received from the user. 
Alternatively, updating may occur in 'batch form,' whereby updating occurs after a set 
period, such as after each case is complete, after a pre-defined number of cases are 
complete, after a pre-defined time period elapses, or after a pre-defined amount of 
data or decisions are received from the user, or any combination of these. 

The User Device 200 may retrieve some or all of the information it transmits 
to the user from its own memory or from one or more external computers. In the 
embodiment shown in Fig. 2, the User Device 200 retrieves information from at least 
one Informational Computer (IC) 204. with which the User Device 200 
communicates. The User Device 200 may communicate with each Informational 
Computer 204 via any suitable means for communication among computing devices. 
In the embodiment shown in Fig. 2, the User Device 200 communicates with each 
Informational Computer 204 by transmitting signals to the Receiver/Transmitter 202. 
via the wireless communication link 201. The signals are then transmitted to the 
informational Computers 204. The Informational Computers 204 then return 
information to the Receiver/Transmitter 202, which sends signals back to the User 
Device 200. 

The Receiver/Transmitter 202 may communicate with the Informational 
Computers 204, via a wireless communication link. Alternatively, the 
Receiver/Transmitter 205 may communicate with Informational Computers 204 via 
wired communication, such as global network (such as the Internet), a wide area 
network, or a local area network. Alternatively, the Receiver/Transmitter 202 may be 
integrated or attached with at least one Informational Computer 204. 

The wireless communication link 201 may comprise any technology suitable 
for relaying signals between a wireless computing device and a host computing device 
without interference among separate wireless computing devices. This may include a 
number of wireless technologies, which are well-known to those skilled in the art, 
including infrared signals, radio frequency signals, pulse codes, or frequency-diode 
modulation. 
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The embodiment of the system shown in Fig. 2 also provides at least one Port 

203. The User Device 200 may be "docked' at Ports I through n, i.e., connected to a 
wired network, to facilitate wired communication with the Informational Computers 

204. This communication may comprise communication via a global network (such as 
Internet), a wide area network, or a local area network. Docking may be used, for 
example, for interacting with the Informational Computers 204 in circumstances 
where patient/medical professional relationships are not disrupted or must be 
disrupted. Examples of circumstances where relationships are not disrupted include 
maintenance of the system, software installation, or where "batch 11 entry or review of 
medical data is desired. An example of circumstances where the relationship must be 
disrupted includes a case that is especially difficult and requires an atypically lengthy 
amount of study and analysis. The User Device 200 may be connected at Ports I 
through n 203 by any means suitable for connecting a computing device to a docking 
port. These may include plugging one end of an electrical or optical cable into Port n 
203 and the other end into a port or socket on the User Device 200. 

Now referring to FIG. 3, an alternative embodiment of the invention includes 
at least one User Device 300. The User Device 300 comprises a portable computing 
device that is capable of communicating with other computing devices via a wireless 
communication link. The User Device 300 may comprise any portable computing 
device suitable for implementing the current invention, including those examples 
described with reference to FIG. 1 . The user interacts with the User Device 300 across 
a graphical user interface (GUI). In one embodiment of the invention, the GUJ 
comprises an electronic medical chart interface that presents and organizes the data in 
the manner of paper medical charts, which are known to those in the medical field. 

A user enters data via the User Device 300, which transmits the data via 
wireless communication link 301 to the Receiver/Transmitter 305. The data may 
comprise patient data, clinical data, or instructions to be executed by the Host 
Computer 302, such as particular information that the Host Computer 302 is to 
retrieve, analyze, or transmit. Receiver/Transmitter 305 relays signals that correspond 
to infomlation and instructions between the Host Computer 302 and each User 
Device 300. The Receiver/Transmitter 305 may be attached or integrated with the 
Host Computer 302, or it may communicate with the Host Computer 302 by remote 
means, such as wireless or network technologies. The Host Computer 302 may 
comprise any of the examples described with reference to FIG. I . 
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In one embodiment, one or more additional users may enter data via the User 
Devices 300, which transmit the data via the wireless communication link 301 to the 
Host Computer 302. This data may comprise patient data, clinical data, or instructions 
to be executed by the Host Computer 302. For example, a patient may enter data 
about his condition using a User Device 300 and those data are then transmitted to the 
Host Computer 302 via the wireless communication link 301 . For example, a medical 
technician or laboratory may enter data via a User Device 300, which transmits the 
data via the wireless communication link 301 to the Host Computer 302. This data 
may comprise the results of medical tests on a patient. The Host Computer 302 may 
also retrieve additional data from computers that are external to the Host Computer 
302. These data may comprise patient data, clinical data, or instructions to be 
executed by the Host Computer 302. In the embodiment shown in Fig. 3, the external 
computers comprise at least one Informational Computer 304. 

Communication with the Receiver/Transmitter 305, by the Host Computer 302 
and each User Device 300, may be achieved using any technology suitable for 
relaying signals between a wireless computing device and a signal 
receiver/transmitter, without interference among separate wireless computing devices. 
This may include a number of wireless technologies, the workings of which are well- 
known to those skilled in the art, including infrared signals, radio frequency signals, 
pulse codes, or frequency-diode modulation. In one embodiment of the invention, 
radio frequency signals are used to accomplish the wireless transmission of data from 
the wireless devices to a radio signal receiver/transmitter. 

The system also provides at least one Port 303. The User Device 300 may be 
"docked" at Ports 1 through n, i.e., connected to a wired network, to facilitate wired 
communication with the Host Computer 302. This communication may comprise 
communication via global network (such as Internet), wide area network, or local area 
network. Docking is used for interacting with the Host Computer 302, in 
circumstances where patient/medical professional relationships are not disrupted or 
must be disrupted. Examples of circumstances where relationships are not disrupted 
include maintenance of the system, software installation, or where "batch" entry or 
review of medical data is desired. An example of circumstances where the 
relationship must be disrupted includes a case that is especially difficult and requires 
an atypically lengthy amount of study and analysis. The User Device 300 may be 
connected at Ports 1 through n, by any means suitable for connecting a computing 
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device to a docking port. These may include plugging one end of an electrical or 
optical cable into Port n 303 and the other end into a port or socket on the User 
Device 300. 

The Host Computer 302 receives data and responds by executing operations 
and transmitting information. The Host Computer 302 may store the data received 
from the user. In one embodiment, the data is stored in the form of an electronic chart, 
onto one or more Informational Computer's 304, with which the Host Computer 302 
communicates. The Host Computer 302 transmits information to the User Device 300 
via a wireless communication link 301 and a Receiver/Transmitter 305. Examples of 
this information may include recommended diagnostic questions or tests that serve to 
reduce the probability of oversights during physical examination; past medical 
information for the patient; alternatives for diagnoses and treatment orders; and 
medical information, such as journal articles and the like. The Host Computer 302 
may provide all relevant information and recommendations to the user, or only 
portions, and it may execute operations and provide information automatically or in 
conformity with user instructions. 

Where the Host Computer 302 acts automatically, it does so by predicting 
decisions that the user will make during the course of treating each patient. These 
decisions may pertain to elements of physical examination, such as questions, lab 
tests, clinical tests, or imaging; diagnosis and resulting treatment orders; and 
information that the user needs, such as patient history information, the opinions and 
recommendations of medical specialists or other medical professionals, similar cases 
that the user has served, and instructive information, such as journal articles and the 
like. Upon predicting user decisions, the Host Computer 302 forwards data pertaining 
to each decision that it has predicted. For example, in one embodiment, upon 
receiving data from the user, the Host Computer 302 may predict a certain diagnosis 
and then forward pertinent journal articles or suggested treatment orders to the user. 
In another embodiment, the Host Computer 302 may suggest diagnostic tests or 
questions that can eliminate potential oversights in the user's rendering of diagnoses 
or treatment orders. 

Where the Host Computer 302 performs operations and forwards information 
according to user choice, the Host Computer 302 predicts the decisions that will be 
made by user and presents these decisions to the user by displaying them on the User 
Device 300. The user may select from the decisions predicted by the Host Computer 
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302, or enter alternatives. The Host Computer 302 then provides information or 
executes operations according to the user's input which may comprise one or more of 
the predicted decisions or decisions that were not predicted. For example, in one 
embodiment, upon receiving patient or clinical data about a patient from the user, the 
Host Computer 302 may predict a certain diagnosis or range of diagnoses and display 
these to the user via the User Device 300. The user may then enter a selection via the 
User Device 300, from among the diagnoses displayed, or the user may enter a 
diagnosis or range of diagnoses that are not displayed. Upon receiving the user's 
entry, the Host Computer 302 may then execute operations such as retrieving 
information such as journal articles, updating files, or suggesting treatment orders or 
further diagnostic tests or questions. The Host Computer 302 then displays resulting 
information to the user via the User Device 300. 

The Host Computer 302 makes its predictions about a user's medical 
decisions, via a learning means that may execute behavioral models, rule-based or 
learning-based algorithms, and neural networks, or any combination of these, in any 
of the manner described with reference to FIG. 1 . 

In one embodiment, the Host Computer 302 utilizes a combination of rule- 
based algorithms and learning-based algorithms. In this embodiment, the Host 
Computer 302 maintains a behavioral model of the user to make its predictions of 
decisions that the user will make. During an initial period of use, the behavioral model 
is essentially empty. Thus, the Host Computer 302 makes its predictions based on 
rule-based algorithms. The behavioral model is updated, when data and decisions are 
received from the user. As the behavioral model becomes more developed, 
predictions may be made bases on both rule-based algorithms and the learning-based 
behavioral model. The resulting information may be merged together, producing a 
single output, or the information of each type may be kept separate and made 
selectable by the user. The user then has the option to disable the rule-based 
algorithms, when the user determines that the behavioral model has progressed 
beyond them. Additionally, the learning means may be disabled by the user 
instruction, such that the predictive capability remains, without updating. Regardless 
of the embodiment of the learning means, the prediction process is thus adapted to the 
user, such that the Host Computer 302 will predict the decisions actually input by a 
user in one case, when similar data or combinations of data are received in another 
case. The prediction process is thus adapted to the user, such that the Host Computer 
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302 will predict the decisions actually input by a user in one case, when similar data 
or combinations of data are received in another case. But, the predictive process may 
also be updated by predictively customizing the operations to the user's habits and 
preferences, while taking into account the characters of the user's specialty and patient 
populations. For instance, by updating its learning module with habits, preferences, 
etc., of the user, the Host Computer 302 can increase its ability predict when the user 
is likely to consult the virtual specialist feature of the invention, what medications the 
user prefers to prescribe for various ailments, what tests or diagnoses, if any, are 
commonly or uniformly rendered among the user's patient populations, etc. Thus, in 
addition to better predicting diagnoses and pellinenl information, the Host Computer 
302 can tailor the details of all its operations to the user's habits and preferences. 

Regardless of the algorithms or models employed by the learning means, the 
Host Computer 302 may update the learning means each time that data or decisions 
are received from the user. Alternatively, updating may occur in "batch form," 
whereby updating occurs after a set period, such as after each case is complete, after a 
pre-defined number of cases are complete, after a pre-defined time period elapses, or 
after a predefined amount of data or decisions are received from the user, or any 
combination of these. The Host Computer 302 may also update the learning means 
each time that the User Device 300 is docked at a Port n 303, 

The Host Computer 302 may retrieve some or all of the information it 
transmits to the user from one or more Informational Computer (IC) 304, with which 
the Host Computer 302 communicates. The Host Computer 302 may communicate 
with each Informational Computer 304 via any suitable means for communication 
among computing devices. This may include wireless and wired means, and may 
include communication via a global network (such as Internet), a wide area network, 
or a local area network. In one embodiment, each Informational Computer 304 is a 
server computer, with which the Host Computer 302 communicates across a network. 

FIG. 4 is a table 400 that displays examples of data that may be transmitted by 
a user to the Host Computer, via a User Device or a General Use Device, as described 
with the system above. The column at 40 1 shows examples of patient data that may be 
transmitted to the Host Computer. The column at 402 shows examples of clinical data 
that may be transmitted to the Host Computer. Examples of patient data 401 that may 
be transmitted to the Host Computer include a patient's name and personal contact 
information, name and contact information of one to contact in emergency, as well as 

20 



SUBSTITUTE SHEET (RULE 26) 



WO 02/33654 



PCT/US01/31760 



social security number and birthdate. Patient data may also include, but is not limited 
to, information bearing upon medical diagnosis and treatment, such as ethnicity, 
medical history, Do-Not-Resuscitate (DNR) orders, allergies to drugs and other 
allergens, current and prior medications, and health habits, such as smoking, toxic 
exposure, and use oF drugs or alcohol Examples of patient data also include payment- 
related information, such as insurance Information and employment data. The list in 
FIG. 4 is meant to be illustrative and not all inclusive. It will be appreciated thatjmany 
other types of patient data may be transmitted also. 

Examples of clinical data 402 that may be transmitted to the Host Computer 
include vital information, such as height, weight, body temperature, pulse rate, blood 
pressure, pulse oxygenation, blood type, blood pH, etc. Examples of medical data 
may also include data that is directly pertinent to diagnosing a medical problem, such 
as the patient's complaints and symptoms, physical examination findings and 
laboratory results, and the patient's answers to diagnostic questions. Example medical 
data may also include the medical professional's diagnosis and treatment orders. If 
medication is dispensed for treatment, the medical data may include prescription 
instructions and information, information and instructions for the dispensing 
pharmacy. Examples of medical data may also include the date of visit by the patient 
and any follow-up recommendations, and the name of the medical professional who 
served the patient on the date of visit The list in FIG. 4 is means to be illustrative and 
not all inclusive. It will be appreciated that many other types of clinical data may be 
transmitted also. 

FIG. 5 is a table 500 illustrating examples of information that may be output to 
a user by the Host Computer, as described witl I the system above, in order to provide 
medical decision support to the user. Examples of information pertaining to patient 
assessment that may be output by the Host Computer to the user include but are not 
limited to recommendations for diagnostic questions, physical examinations, and 
medical tests, such as blood tests or imaging (X-ray, MRI, CT, etc.); medical history 
data concerning the patient; the name(s) and comments of any referring medical 
personnel(s); alerts to common oversights in patient assessment, which may be 
checked at medical personnel discretion; and medical information, such as journal 
articles and the like. 

Examples of information pertaining to diagnosis that may be output by the 
Host Computer to the user include but are not limited to names, or other identifying 
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references, for potential diagnoses, along with a brief description of each diagnosis 

that is presented; recommendations for additional data (e.g., pertinent negatives) that 

would exclude one or more potential diagnoses; and medical information, such as 

journal articles and the like. 

Examples of information pertaining to treatment orders that may be output by 

the Host Computer to the user include but are not limited to recommendations for 

* 

treatment orders or alternative treatment orders, including presenting to tha user 
alternative medication types and brands; alternative recommendations for surgical or 
non-surgical procedures; alternative recommendations for behavior modifications 
(e.g., bedrest) or diet modifications (e.g., fluids); and presenting the user with medical 
information, such as journal articles and the like. 

The invention may also include a 'virtual specialist" feature. This feature is 
useful for supporting the user with decisions and information pertaining to injuries or 
ailments that are beyond the scope of the user's judgment of assessment, diagnosis, or 
treatment. The feature may be based upon the experience, input, or predictive model 
of a separate user or a group of users. The feature may be accessed by user selection, 
or the Host Computer can automatically select and query a virtual consultant model 
based on data received from the user. The Host Computer may use rule-based or 
learning-based algorithms, in any of the manners described with reference FIG. 1, to 
determine when to access the virtual specialist feature and which virtual consultant is 
best to use. To supply the virtual specialist information, the Host Computer draws 
upon information that it retrieves and analyzes from its memory or from at least one 
Informational Computer, described with reference to FIG. 2 and FIG. 3. 

When executing the virtual specialist feature, the Host Computer supplies the 
user with decisions and information that pertain to the specific ailment or injury and 
information regarding the probable actions or recommendations of a medical 
professional, or group of medical professionals, that specializes in a medical 
discipline that addresses the ailment or injury. For instance, a general medical 
practitioner who encounters a child suffering from poor blood circulation may not 
have the ability to immediately consult a pediatric surgeon or cardiologist. The 
invented system would provide a "virtual" specialist to meet the practitioner's needs, 
by dispensing information about what such a specialist would most likely do or 
recommend, allowing time until a real consultation could be had. The virtual 
specialist may also provide the user with information that allows "meantime care," 
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which suggests actions that will maintain the patient in the best possible condition, 
until a specialist arrives for in-person consultation. 

In one embodiment of the invention, the Host Computer receives input from 
one or more collections of different medical personnel, and develops a behavioral 
model for each collection. A user may then view predictions from collections of 
medical personnel, where each collection may comprise just one medical personnel, 
which may be the user or a medical personnel that is not the user, or a group of 
medical personnel that includes or does not include the user. Using the virtual 
specialist feature, the user can direct the Host Computer to provide information 
corresponding to the likely actions of "practitioner X or group Y," given the data that 
has been input about a patient to the Hast Computer. 

For example, X may be a specialist or even a hypothetical practitioner that is 
programmed to reflect standard protocol among practitioners of a certain type. Y may 
be a collection of specialists such as cardiologists, a collection of elite medical 
personnel such as the group of medical personnel at Johns Hopkins, or even a 
hypothetical group of medical professionals in general, that reflect standard protocol 
among medical personnel of a certain type. In this way, the virtual specialist feature 
may make suggestions from various perspectives. For instance, upon the user 
accessing the virtual specialist feature in regard to a specific patient, the Host 
Computer might, for example, output the most likely treatment or action to be 
rendered by medical personnel X, by group Y specialists, and the "standard choices" 
by the medical community. This would provide the user with the most choices in a 
very efficient manner. 

The virtual specialist feature need not be limited only to medical specialists. In 
one embodiment of the virtual specialist feature, a general medical practitioner who 
wishes to improve the effectiveness of his documentation of medical encounters and 
of his coding or billing practices may not have billing or coding expertise. The 
invented system would provide a "virtual" specialist to meet the practitioner's needs, 
by predicting what an expert coding specialist would document at each phase of the 
encounter, by predicting questions an expert coder would ask to enhance the current 
documentation to increase reimbursement levels, or predicting the code an expert 
coder would select with regard to a particular patient encounter. Now referring to 
FIG. 6, the current invention is also directed to a method for providing adaptive 
medical decision support. In accordance with step 601, a user transmits data and 
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instructions to the Host Computer. The data transmitted by the user comprises patient 
and clinical data, and may include any of the sorts of data that are exemplified in FIG* 
4. The user may use the User Device to communicate with the Host Computer via a 
wireless communication link. The user may also use a General Use Device to 
communicate with the Host Computer, via global, wide area, or local area network 
technology. The user may communicate with the Host Computer across a graphical 
user interface, such as an electronic medical chart interface. j 

In accordance with step 602 the Host Computer stores and analyzes the data 
and executes the instructions that it receives. The Host Computer may store the data 
temporarily or permanently using its own memory means, or it may communicate the 
data to one or more Informational Computers for storage. In accordance with step 

603, the Host Computer determines whether additional information is required or 
recommended and may request this information from the user in accordance with step 

604, If such requests are made, the user may enter data and instructions, resulting in at 
least one additional iteration of steps 601-604. 

In accordance with step 605 the Host Computer predicts the user's decisions 
from the data received and outputs these predicted decisions to the user. The Host 
Computer may also output information to the user that the Host Computer would 
obtain if the user had actually made each of the decisions. For example, if the data 
received from the user pertains to the patient's symptoms or medical problem, the 
Host Computer may predict and output potential diagnoses, but may also suggest 
further diagnostic actions, give warnings pertaining to particular diagnoses that merit 
further investigation of patient symptoms, provide journal articles and the like that 
discuss each potential diagnosis, and suggest treatment orders or courses of action. 
The Host Computer may retrieve information from its own memory means, for 
example from a database, or from at least one Informational Computer with which the 
Host Computer communicates. Alternatively, the Host Computer may output only the 
decisions that it predicts and await the user's instruction to retrieve petlinent 
information. 

The Host Computer makes its predictions about a user's medical decisions in 
accordance with step 605, via a learning means that may execute behavioral models, 
rule-based algorithms, learning-based algorithms, neural networks, or a combination 
of these, in any of the manners described with reference to FIG. I. Where a 
combination of rule-based algorithms and learning-based algorithms are used, the 
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resulting information may be merged together, producing a single output, or the 
information of each type of algorithms may be kept separate and made selectable by 
the user. 

The output from the Host Computer in step 605 may comprise decisions and 
information output from a virtual specialist feature. Such decisions and information 
may pertain to injuries or ailments that are beyond the scope of the user's judgment of 
assessment, diagnosis, or treatment, and may reflect the experience, decisions, or 
input of a separate user or a group of users. The feature may be accessed by user 
selection, or the Host Computer can automatically select and query a virtual 
consultant model based on data received from the user. The Host Computer may use 
rule-based or learning-based algorithms, in any of the manners described with 
reference FIG. 1, to determine when to access the virtual specialist feature and which 
virtual consultant is best to use. To supply the virtual specialist information, the Host 
Computer draws upon information that it retrieves and analyzes from its memory or 
from at least one Informational Computer, described with reference to FIG. 2 and 
FIG. 3. 

When executing the virtual specialist feature, the Host Computer supplies the 
user with decisions and information that pertain to the specific ailment or injury and 
information regarding the probable actions or recommendations of a medical 
professional, or group of medical professionals, that specializes in a medical 
discipline that addresses the ailment or injury. For instance, a general medical 
practitioner who encounters a child suffering from poor blood circulation may not 
have the ability to immediately consult a pediatric surgeon or cardiologist. The 
present system would provide a "virtual" specialist to meet the practitioner's needs, by 
dispensing information about what such a specialist would most likely do or 
recommend, allowing time until an actual consultation could be made. The virtual 
specialist may also provide the user with information that allows "meantime care," 
which suggests actions that will maintain the patient in the best possible condition, 
until a specialist arrives for in-person consultation. 

The virtual specialist feature need not be limited only to medical specialists. In 
one embodiment of the virtual specialist feature, a general medical practitioner who 
wishes to improve the effectiveness of his documentation of medical encounters and 
of his coding or billing practices may not have billing or coding expertise. The 
invented system would provide a "virtual" specialist to meet the practitioner's needs, 
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by predicting what an expert coding specialist would document at each phase of the 
encounter, by predicting questions an expert coder would ask to enhance the Current 
documentation to increase reimbursement levels, or predicting the code an expert 
coder would select with regard to a particular patient encounter. 

In one embodiment of the invention, the Host Computer receives input from 
one or more collections of different medical personnel and develops a behavioral 
model for each collection. A user may then view predictions from collections of 
medical personnel where each collection may comprise just one medical personnel, 
which may be the user or a medical personnel that is not the user, or a group of 
medical personnel that includes or does not include the user. Using the virtual 
specialist feature, the user can direct the Host Computer to provide information 
corresponding to the likely actions of "practitioner X or group Y, M given the data that 
has been input about a patient to the Host Computer. For example, X may be a 
specialist or even a hypothetical practitioner that is programmed to reflect standard 
protocol among practitioners of a certain type. Y may be a collection of specialists 
such as cardiologists, a collection of elite medical personnel such as the group of 
medical personnel at Johns Hopkins, or even a hypothetical group of medical 
professionals . in general, that reflect standard protocol among medical personnel, or a 
certain type. In this way, the virtual specialist feature may make suggestions from 
various perspectives. For instance, upon the user accessing the virtual specialist 
feature in regard to a specific patient, the Host Computer might, for example, output 
the most likely treatment or action to be rendered by medical personnel X. by group Y 
specialists, and the "standard choices'* by the medical community. This would provide 
the user with the most choices in a very efficient manner. 

In accordance with step 606, the user receives output from the Host Computer, 
which comprises the decisions predicted by the Host Computer, whether or not 
accompanied by additional pertinent information. The user may transmit more data to 
the Host Computer, in response to the output information that the user has received, 
resulting in an additional iteration of steps 601-606. 

In accordance with step 607, the user transmits decisions to the Host 
Computer, The decisions transmitted by the user may be selected from among those 
decisions output to the user, or the user may input decisions that the Host Computer 
did not predict. The decisions input by the user may pertain, for example, to patient 
assessment, such as medical tests or physical examinations to be employed by the 

26 



SUBSTITUTE SHEET (RULE 26) 



1 

WO 02/33654 PCT/USO 1/3 1760 

user. The decisions may pertain to diagnosis, such as the user's adjudged identification 
of a disease or injury. The decisions may pertain to treatment orders that are to be 
given by the user, including for example, specific procedures, types and brands of 
medication, or modifications in a patient's behavior or diet. The decisions may pertain 
to multiple aspects of patient care. 

In accordance with step 608, the Host Computer stores and analyzes the 
decisions transmitted by the user. The Host Computer may store the decisions 
temporarily or permanently using its own memory means, or on one or more 
Informational Computers with which it communicates. 

In accordance with step 609, it is determined whether the user's decisions are 
final. If not, then in accordance with step 610, the Host Computer may output to the 
user additional information, such as suggestions, alternatives, warnings, and/or 
highlights pertaining to the decision(s) received from the user, and new decisions and 
pertinent information as described previously. The user may then receive the output, 
resulting in an additional iteration of step 606. The user may transmit decisions to the 
Host Computer, in response to the output suggestions, alternatives, warnings, or 
highlights, resulting in an additional iteration of steps 607-609. Alternatively, the user 
may update or reenter data, prior to entering decisions, resulting in an additional 
iteration of steps 60 1 -609. 

In accordance with step 61 1, once the user's decisions have been made final, 
the Host Computer processes the data and decisions pertaining to a patient's case and 
may then enhance its predictive operations by updating its learning means. Where the 
Host Computer uses rule-based algorithms, it may customize its operations, by 
updating the rules. Where the Host Computer uses learning-based algorithms, such as 
a Bayesian network, inductive logic, or linear regression, in order to maintain a model 
a user's behavior and preferences, the Host Computer may update its operations by 
updating the model. Where the Host Computer employs neural networks at various 
decision nodes, as described with reference to FIG. 1, the Host Computer updates 
each neural network, after receiving data and actual decisions from the user. In step 
61 1, the user may be part of one or more groups that are being modeled. In such a 
case, the Host Computer processing the data and decisions pertaining to a patient's 
case, and updating its operations and predictive models, take place once the user's 
decisions have been made final. 
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The prediction process is thus adapted to the user, such that the Host 
Computer will predict the decisions actually input by a user in one case, when similar 
data or combinations of data are received in another case. But, the predictive process 
may also be updated, by predictively customizing the operations to user habits and 
preferences, while taking into account the characters of the user's specialty and patient 
populations. For instance, by updating its learning module with user habits, 
preferences, etc., the Host Computer can increase its ability predict when the u$er is 
likely to consult the virtual specialist feature of the invention, what medications the 
user prefers to prescribe for various ailments, what tests or diagnoses, if any, are 
commonly or uniformly rendered among the user's patient populations, etc. Thus, in 
addition to better predicting diagnoses and pertinent information, the Host Computer 
can tailor the details of all its operations to the user's habits and preferences. 

Regardless of the algorithms or models employed by the learning means, the 
Host Computer may update the learning means each time that data or decisions are 
received from the user. Alternatively, updating may occur in "batch form," whereby 
updating occurs after a set period, such as after each case is complete, after a pre- 
defined number of cases are complete, after a pre-defined time period elapses, or after 
a pre-defined amount of data or decisions are received from the user, or any 
combination of these. 

The present invention is also directed to a software program, embodied on a 
computer-readable medium, incorporating the present method, which has been 
described in full detail with reference to FIG. 6. 

FIG. 7 illustrates one embodiment for using the present system and method for 
adaptive decision support, when the system and method are implemented in a multi- 
user medical environment. In this embodiment, medical professionals are placed into 
groups that may include one or more members. The groups may be categorized by 
type of professional, such as nurses, surgeons, medical personnel, medical personnel 
assistants (PAs), medical students, etc. Groups may also be categorized by specialty 
or department, such as they might be in a hospital. In this case, medical professionals 
of any type (nurses, doctors, P.A.s. etc.) who work in one specialty or department 
would potentially fall into the same corresponding group. Groups may alternatively 
consist only of doctors who practice in one specially, such as "cardiologists," with 
nurses, etc., falling into a nurse group or even a cardiology nurse group, for example. 
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Groups may also consist of further specialized doctors, such as "all Johns Hopkins 
cardiologists," or "all Sarnoff fellows." 

For example, a Group I 701 could consist of individual internists. Each 
internist communicates with the Host Computer 704, whether by a User Device or a 
General Use Device, as are described with reference to FIGS. I and 3. The Host 
Computer 704 implements the invented method described with reference to FIG. 6. 
Data, decisions and information that are stored on the Host Computer 704, or gn the 
Informational Computers 706 with which the Host Computer 704 communicates, are 
separated into a grouping that corresponds to the Group I 701. The Host Computer 
704 customizes its operations and predictions to suit each specific internist, in 
accordance with the invented method, and may create an overall model of the 
behavior, preferences, patient populations, or medical specialties of the Group 1 701. 
Alternatively, the Group I 701 may devise its own model and communicate it to the 
Host Computer 704 as a Model-I. A Group N 702 and a Group S 703 interact with 
the Host Computer 704 in the same fashions as described for the Group 1 701. 

In one embodiment of the invention, the step of updating individual and group 
models may be slightly altered to provide for the status of individual users. In this 
embodiment, only certain users' input will be used by the invention to update 
individual or group models that are used to implement the predictive capabilities of 
the invention. As a corollary, some users' models may be updated based not on their 
input, but upon the input of other users. For instance, the Group I 701 in Fig. 7 may 
include both resident doctors at a hospital, in addition to interns who have only 
recently begun practicing. Thus, the system operators may elect for only the resident 
doctors' input and decisions to be used to update the Model; and they may select only 
the input and decisions of the resident doctors to be used in updating the internists 1 
individual predictive models also. 

As an extension of this embodiment, suppose the Group S 703 consists of 
medical students. The system operators may select only for certain doctors* input and 
decisions to be used to update both the Models and the individual predictive models 
for each student, even though the doctors may be placed in an entirely different group. 
The same could apply for the Group N 702, for example, if the group consisted of 
nurses. Alternatively, system operators may allow for individual users to update their 
own predictive models, but for only certain users' input and decisions to update group 
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models, thereby allowing for other users to evaluate their progress in learning the 
practice of medicine or a certain field of medicine. 

The Group M 705 can represent groups that transmit external or standardized 
models to the Host Computer 704, which are not developed by the Host Computer 
704 from processing the actions of individuals within the environment. For example, 
models for certain types of care that are not extensively served by a cerlain hospital, 
such as trauma, can be communicated to the Host Computer 704 from sources 
external to the hospital. These models may be the result of standard medical practices, 
protocols established by those who manage the environment, such as a hospital 
protocol, protocols developed from evidence-based medicine, protocols developed by 
a payor, protocols provided by a pharmacy benefits management company, protocols 
developed by a pharmaceutical company, or protocols developed by business 
managers, including billing and coding specialists. Alternatively, they may be 
developed by elite groups of medical personnel, such as medical schools or teaching 
hospitals. In these cases, only the ModelM is communicated to the Host Computer by 
the Group M 705. The Group M 705 may comprise the creators of the model and/or 
those within the medical environment that implements the current invention. System 
operators may elect for the external models to comprise the individual or group 
models for certain users, in accordance with the embodiments described above. 

As a result of the embodiment illustrated in FIG. 7, the Host Computer 704 
may provide the "virtual specialist" feature of the current invention, as described with 
reference to FIGS. 5 and 6, by allowing users from different groups to access the 
continually developing models and data of other groups of users, models of individual 
users, and models placed on the Host Computer 704 by groups such as the Group M 
705. This can result in the capacity for users to receive virtual second opinions, for 
example, by accessing the models of other groups, or of individual users, such as 
managing medical personnel. 

FIG. 8 illustrates another embodiment for using the invented system and 
method for adaptive decision support, when the system and method are implemented 
in a multi-user medical environment. In this embodiment, medical professionals are 
placed into groups, in any of the manners described with reference to FIG. 7. 
However, the users of each group communicates directly with one iteration of the 
invented system. For example, each of the users in the Group I 801 communicates 
with the Host Computer HCI, whether by a User Device or a General Use Device, 
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described in reference to FIGS. 1-3. HCI implements the invented method described 
with reference to FIG. 6. Data, decisions, and information for each user in the Group I 
801 and corresponding models is stored on HCI or on the Informational Computers 
with which HCI communicates. HCI customizes its operations to suit each specific 
user in the Group I 801, in accordance with the invented method, and may create an 
overall model of the behavior, preferences, patient populations, or medical specialties 
of the Group I. A Group N 802 and a Group S 803 interact with the Host Computers 
HC-N and HC-S, respectively, each of which also implements the method described 
with reference to FIG. 6, in the same fashions as the Group I interacts with HC-L 

In one embodiment of the invention, the step of updating individual and group 
models may be slightly altered to provide for the status of individual users. In this 
embodiment, only certain users' input will be used by the invention to update 
individual or group models that are used to implement the predictive capabilities of 
the invention. As a corollary, some users' models may be updated based not on their 
input, but upon the input of other users. For instance, the Group I 801 in Fig. 8 may 
include both resident doctors at a hospital, in addition to interns who have only 
recently begun practicing. Thus the system operators may elect for only the resident 
doctors 1 input and decisions to be used to update the Model-I; and, they may select 
only the input and decisions of the resident doctors to be used in updating the 
internists' individual predictive models also. As an extension of this embodiment, 
suppose the Group S 803 consists of medical students. The system operators may 
select only for certain doctors' input and decisions to be used to update both the 
Model-S and the individual predictive models for each student, even though the 
doctors may be placed in an entirely different group. The same could apply for the 
Group N 802, for example, if the group consisted of nurses. Alternatively, system 
operators may allow for individual users to update their own predictive models, but 
for only certain users' input and decisions to update group models, thereby allowing 
for other users to evaluate their progress in learning the practice of medicine or a 
certain Field of medicine. The Group M 804 can represent groups that transmit 
external or standardized models to the Host Computer, such as those described with 
reference to FIG. 7. In these cases, only the Model-M is communicated to the Host 
Computer HC-M by the Group M 804. The Group M may comprise the creators of 
the model and/or those within the 
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For example, once a physician logs onto the system, the logic for controlling 
the function of determining and displaying the information and advertisements in the 
healthcare information manager can display information and advertisements relevant 
to his or her medical specialty. When the physician selects his or her next patient, the 
logic can display information and advertisements relevant to the patient's chronic 
conditions (such as diabetes, hypertension, and the like). When the physician enters a 
diagnosis, the logic can display information and advertisements for products indicated 
for the selected diagnosis. In another example, when the physician searches the drug 
database for a particular drug, information and advertisements relevant to the 
physician's search based on factors such as the patient's complaint and the letter under 
which the physician is searching for a drug in an alphabetical list can be displayed. 
Other types of information used to determine healthcare information and 
advertisements displayed include the patient's past record, insurance formularies and 
patient enrollment status, drug interaction check results, physician's prescribing habits 
and the patient's gender, weight, age, allergies, current medications, and the like. 

Fig, 17 is a flowchart of the healthcare information manager process for 
selecting healthcare advertisements to be displayed after the healthcare worker enters 
a diagnosis of a patient. The healthcare worker, in this case a physician, enters a 
patient diagnosis 320. If there are no stored advertisements available for this diagnosis 
321, the system displays a generic advertisement 322. If there are stored 
advertisements available for this diagnosis 321 which include prescription 
information 903 are selectable by the user. The subcategories 903 (exemplified first 
by HPI - History of Present Illness) provide certain types of information within the 
informational region that are all specific to, for example, the chosen patient. The 
information shown may include any data and data fields suitable to provide the user 
with information about the chosen information, including my of the information 
exemplified in FIG. 4, but also including user-directed information, such as 
information about individual correspondence, schedules, messages, forms, other 
administrative tasks, narratives, etc. The GUI may also provide a login/logout feature 
and may show the user's name, as exemplified at 904. 

FIG. 10 shows a flow diagram, which illustrates how the present systems and 
methods described above may be applied by a user. In accordance with step 1001 , the 
user logs inlo the system. The user may login via a portable computing device, or a 
general use device. In one embodiment, the user logs in, using a portable computing 
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device that is provided with an electronic medical chart GUI. In accordance with step 
1002 the user may next select the task to be performed, such as entering new data, 
updating data, or reviewing data. In accordance with step 1003, the user then selects 
the patient for whom the task will be performed, which may include selecting an 
existing patient or opting to begin a new patient record. The user may then enter, 
update, review etc., data for any of a plurality of tasks 1004, such as preliminary 
patient information, physical examination and assessment, diagnosis, treatment 
orders, etc. During each task 1004, the invented method described with reference to 
FIG, 6 is executed. This allows for each task 1004 to be performed and ended directly 
after patient selection, without proceeding to the other tasks. It also allows for the 
tasks 1004 to be performed consecutively, for example, with new patients. Once a 
task 1004 is completed, the user may select a new patient or a new task 1004, or the 
user may proceed to a finishing step 1005. The finishing step 1005 allows the user to 
review the results of the session and to complete administrative tasks, such as 
submitting narratives,, changing scheduling, drafting correspondence, and the like. 
After the finishing step 1005, the user may proceed to another patient or task, or log 
out of the system at step 1006. 

FIG. 1 1 describes an exemplary implementation of a learning-based model for 
a user at a decision point implemented via neural networks. FIG. 1 1 displays a 
learning model 1100 that receives examples of input data 1101, which comprise 
findings about a current patient, such as allergies, symptoms, test results, medical 
history, etc, In general, these are data that the medical professional considers in 
making a medical decision in regard to the patient FIG. 1 1 displays example outputs 
1103, which comprise the potential medical decisions that the medical professional 
may make, such as diagnoses, diagnostic tests, questions, or treatment orders. Each 
input variable 1 101 is represented as one unit at the input layer 1 102, and is assigned 
an activation value. The activation value may comprise, for example, a numerical 
scale, such as a 0/1 decision, with missing values represented by e.g. 0.5. In the output 
1 103, the activation of each unit represents the a posteriori probability that the choice 
is correct, given the training data. Thus, the system indicates what the best choices are 
and how confident it is in each of them. The network is trained with backpropagation 
based on the actual cases of inputs and decisions collected by the system. Standard 
methods of crossvalidation can be used to decide when to stop training. Different 
training sets are constructed to model different physicians or groups of physicians. 
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Periodically, as new data come in, the networks can be further trained with the more 
comprehensive data set to improve accuracy and coverage of different cases. 

A neural network based learning system may be implemented using standard 
techniques, such as that illustrated in FIG. 12. This exemplary neural networks system 
consists of an input layer 1201, having input units 1202; a hidden layer 1203, having 
hidden units, 1204; and an output layer 1205, having output units 1206; and target 
patterns 1207. The input layer 1201 is connected to the hidden layer 1203 by 'input 
connections that connect any one of the input units 1202 to any one of the hidden 
units 1204. Similarly, the hidden layer 1203 is connected to the output layer 1205 by 
output connections that connect any one of the hidden units 1204 to any one of the 
output units 1206. 

The values of input variables are used to activate the input units 1202. Each 
hidden unit 1204 computes a weighted sum of the input unit activations. The sums are 
weighted by the connection weights, which increase as one moves from the output 
connections to the input connections. The hidden unit 1204 then outputs an activation 
that's a nonlinear, continuous function (such as a sigmoid or a Gaussian) of the sum. 
Analogously, each output layer unit 1206 computes the weighted sum of the hidden 
layer activations, and generates a nonlinear function of the sum as its output. The 
output activations are then interpreted as values of output variables. 

The network is trained by providing target patterns 1207, which are correct 
values for the output units, with regard to each input variable. The weights of the 
network are then changed using, for example, a backpropagation training procedure. 
An error signal for each output unit 1206 is formed as a difference between the output 
unit 1206 and the target patterns 1207. A gradient of the error signal with regard to 
the network weight values is computed, and weights are changed a small step along 
the gradient. After the input variables and target patterns are shown several times and 
weights changed this way, the weights converge to values such that the network 
generates the correct output values for each input variable. The network will also 
compute the correct outputs for new examples by nonlinearly interpolating between 
the examples in the training set of input variables. 

Using the foregoing, the invention may be implemented using standard 
programming or engineering techniques including computer programming software, 
firmware, hardware or any combination or subset thereof. Any such resulting 
program, having a computer readable program code means, may be embodied or 
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provided within one or more computer readable or usable media, thereby making a 
computer program product, i.e. an article of manufacture, according to the invention. 
The computer readable media may be, for instance a fixed (hard) drive, disk, diskette, 
optical disk, magnetic tape, semiconductor memory such as read-only memory 
(ROM), or any transmitting/receiving medium such as the Internet or other 
communication network or link. The article of manufacture containing the computer 
programming code may be made and/or used by executing the code directly frojn one 
medium, by copying the code from one medium to another medium, or by 
transmitting the code over a network. 

An apparatus for making, using or selling the invention may be one or more 
processing systems including, but not limited to, a central processing unit (CPU), 
memory, storage devices, communication links, communication devices, server, I/O 
devices, or any sub-components or individual parts of one or more processing 
systems, including software, firmware, hardware or any combination or subset 
thereof, which embody the invention as set forth in the claims. 

User input may be received from the keyboard, mouse, pen, voice, touch 
screen, or any other means by which a human can input data to a computer including 
through other programs such as application programs. 

The descriptions of FIGS. 1-12 are provided for illustrative purposes only, and 
are not meant to be limiting to the overall invention. Although the present invention 
has been described in detail with reference to certain embodiments, it should be 
apparent that modifications and adaptations to those embodiments may occur to 
persons skilled in the art without departing from the spirit and scope of the present 
invention as set forth in the following claims. 
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What is claimed is: 

1. A computer-implemented method for adaptively supporting medical 
decisions of at least one user, comprising: 

a. receiving data; 

b. predicting at least one medical decision; 

c. displaying the at least one predicted medical decision; 

d. receiving at least one user-decision from the at least one user; « 

e. wherein each user-decision is a predicted medical decision or is not a 
predicted medical decision; and 

f. learning to predict the at least one user-decision from the data received. 

2. The method of claim 1, wherein the step of receiving data further 
comprises receiving data via a wireless communication means. 

3. The method of claim 2, wherein the wireless communication means is 
chosen from a group consisting of infrared signals, radio signals, and pulse codes. 

4. The method of claim 1, wherein data is received from a source chosen from 
a group consisting of the at least one user, at least one user who is not the at least one 
user, at least one information computer on which data are stored, at least one medical 
device, and at least one network port. 

5. The method of claim 1, wherein the step of learning further comprises 
updating at least one learning module chosen from a group consisting of behavioral 
models, rule-based algorithms, learning-based algorithms, and neural networks. 

6. The method of claim I, wherein the step of learning further comprises 
customizing a plurality of operations to at least one parameter chosen from a group 
consisting of preferences of a user, habits of a user, medical specialties of a user, 
patient populations of a user, preferences of a group of users, habits of a group of 
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users, medical specialties of a group of users, and patient populations of a group of 
users. 

7. The method of claim 1 , wherein the method is implemented on at least one 
portable computing device. 

8. The method of claim I , wherein 

the method is implemented on a host computer; 

the host computer receives data from at least one portable computing device; 

and 

the at least one portable computing device receives and displays output from 
the host computer. 

9. The method of claim 1, further comprising the step of executing the at 
least one user-decision, after the step of receiving the at least one user-decision. 

10. The method of claim 1, further comprising executing the at least one 
predicted medical decision, before the step of receiving the at least one user decision. 

11. The method of claim 1, further comprising displaying an electronic 
medical chart graphical user interface. 

12. A software program, embodied on a computer readable medium 
incorporating the method recited in Claim 1. 

13. A method for adaptively supporting medical decisions of at least one user 
comprising; 

a. receiving data; 

b. transmitting the data to at least one neural network; 

c. predicting at least one medical decision, via the at least one neural network; 
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d. displaying the at least one predicted medical decision; 

e. receiving at least one user-decision from the at least one user; 

f. wherein each user-decision is a predicted medical decision or is not a 
predicted medical decision; 

g. learning to predict the at least one user-decision from the data received; and 

h. wherein learning comprises updating the at least one neural network. 

14. The method of claim 13, wherein the step of receiving data further 
comprises receiving data via a wireless communication means. 

15. The method of claim 14, wherein the wireless communication means is 
chosen from a group consisting of infrared signals, radio signals, and pulse codes. 

16. The method of claim 13, wherein data is received from a source chosen 
from a group consisting of the at least one user, at least one user who is not the at least 
one user, at least one information computer on which data are stored, at least one 
medical device, and at least one network port. 

17. The method of claim 13, wherein the step of learning further comprises 
customizing a plurality of operations to at least one parameter chosen from a group 
consisting of preferences of a user, habits of a user, medical specialties of a user, 
patient populations of a user, preferences of a group of users, habits of a group of 
users, medical specialties of a group of users, and patient populations of a group of 
users. 

18. The method of claim 13, wherein the method is implemented on at least 
one portable computing device. 

19. The method of claim 13, wherein 

the method is implemented on a host computer; 

the host computer receives data from at least one portable computing device; 
and the at least one portable computing device receives and displays output from the 
host computer. 
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20. The method of claim 13, further comprising the step of executing the at 
least one user-decision, after the step of receiving the at least one user-decision. 

21. The method of claim 13, further comprising executing the at least one 
predicted medical decision, before the step of receiving the at least one user-decision. 

22. The method of claim 13, further comprising displaying an electronic 
medical chart graphical user interface. 

23. A software program, embodied on a computer-readable medium, 
incorporating the method recited in Claim 13. 

24. A computer-implemented method for adaptively supporting medical 
decisions of at least one user, comprising 

a. receiving at least one first quantity of data; 

b. receiving at least one user-decision from a first at least one user; 

c. learning to predict the at least one received user-decision from the at least 
one first quantity of data received; 

d. receiving at least one second quantity of data; 

e. predicting at least one medical decision; 

f. displaying the at least one predicted medical decision; and 

g. receiving at least one second user-decision. 

25. The method of claim 24, wherein the step of receiving data further 
comprises receiving data via a wireless communication means. 

26. The method of claim 25, wherein the wireless communication means is 
chosen from a group consisting of infrared signals, radio signals, and pulse codes. 

27. The method of claim 24, wherein the step of receiving at least one second 
quantity of data comprises receiving data from a source chosen from a group 
consisting of the first at least one user, at least one user who is not the first at least one 
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user, at least one information computer on which data are stored, at least one medical 
device, and at least one network port. 

28. The method of claim 24, wherein the step of learning further comprises 
updating at least one learning module chosen from a group consisting of behavioral 
models, rule-based algorithms, learning-based algorithms, and neural networks. 

29. The method of claim 24, wherein the step of learning further comprises 
customizing a plurality of operations to at least one parameter chosen from a group 
consisting of preferences of a user, habits of a user, medical specialties of a user, 
patient populations of a user, preferences of a group of users, habits of a group of 
users, medical specialties of a group of users, and patient populations of a group of 
users. 

30. The method of claim 24, wherein the method is implemented on at least 
one portable computing device. 

3 1 . The method of claim 24, wherein 

the method is implemented on a host computer; 

the host computer receives data from at least one portable computing device: 

and 

the at least one portable computing device receives and displays output from 
the host computer. 

32. The method of claim 24, further comprising the step of executing the at 
least one user-decision, after the step of receiving the at least one user decision. 

33. The method of claim 24, further comprising automatically executing the at 
least one predicted medical decision, before the step of receiving the at least one user- 
decision. 

34. The method of claim 24, further comprising displaying an electronic 
medical chart graphical user interface. 
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35. The method of claim 24, wherein the first at least one user comprises a 
specialist in a field of medicine. 



36. The method of claim 24, wherein the First at least one user comprises a 
billing specialist or a coding specialist. 

37. A software program, embodied on a computer readable medium, 
incorporating the method recited in Claim 24. 

38. A computer-implemented method for adaptively supporting medical 
decisions of at least one user, comprising 

a. receiving a First quantity of data; 

b. predicting a first at least one medical decision, via at least one rule-based 
algorithm; 

c. displaying the First at least one medical decision; 

d. receiving at least one user-decision from a First at least one user; 

e> learning to predict the at least one user-decision from the data received; 

f. receiving a second quantity of data; and 

g. predicting, via at least one learning-based algorithm, a second at least one 
medical decision. 

39. The method of claim 38, further comprising displaying the second at least 
one medical decision. 

40. The method of claim 38, wherein the step of receiving data further 
comprises receiving data via a wireless communication means. 

41. The method of claim 40, wherein the wireless communication means is 
chosen from a group consisting of infrared signals, radio signals, and pulse codes. 

42. The method of claim 38, wherein the second quantity of data is received 
from a source chosen from a group consisting of the first at least one user, at least one 
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user who is not the first at least one user, at least one information computer on which 
data are stored, at least one medical device, and at least one network port. 

43. The method of claim 38, wherein the method is implemented on at least 
one portable computing device. 

44. The method of claim 38. wherein 

the method is implemented on a host computer; 

the host computer receives data from at least one portable computing device; 

and 

the at least one portable computing device receives and displays output from 
the host computer. 

45. The method of claim 38, further comprising executing the first at least one 
medical decision, before the step of receiving the at least one user-decision. 

46. The method of claim 38, further comprising the step of receiving a second 
at least one user-decision, after the step of predicting the second at least one medical 
decision. 

47. The method of claim 46, further comprising the step of executing the 
second at least one user-decision, after the step of receiving the second at least one 
user-decision. 

48. The method of claim 46, further comprising learning to predict the second 
at least one user decision from the second quantity of data received. 

49. The method of claim 48, wherein the step of learning further comprises 
updating at least one learning module chosen from a group consisting of behavioral 
models, rule-based algorithms, learning-based algorithms, and neural networks. 

50. The method of claim 48, wherein the step of learning further comprises 
customizing a plurality of operations to at least one parameter chosen from a group 
consisting of preferences of a user, habits of a user, medical specialties of a user, 
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patient populations of a user, preferences of a group of users, habits of a group of 
users, medical specialties of a group of users, and patient populations of a group of 
users. 

5 1 The method of claim 38, further comprising 

a. predicting, via the at least one rule-based algorithm, a third at least one 
medical decision; and 

b. displaying at least one predicted medical decision, chosen from a group 
consisting of the second at least one medical decision, the third at least one medical 
decision, and both the second and third at least one medical decisions. 

52. The method of claim 51, further comprising executing the predicted 
medical decision chosen from the group consisting of the second at least one medical 
decision, the third at least one medical decision, and both the second and third at least 
one medical decisions. 

53. The method of claim 51, wherein the predicted medical decision chosen 
from the group consisting of the second at least one medical decision, the third at least 
one medical decision is selected by at least one user, and both the second and third at 
least one medical decisions, is selected by at least one user. 

54. The method of claim 51, wherein the predicted medical decision chosen 
from the group consisting of the second at least one medical decision, the third at least 
one medical decision, and both the second and third at least one medical decisions, is 
selected by a computing device. 

55» The method of claim 5 1 , further comprising the step of receiving a second 
at least one user-decision, after the step of predicting the third at least one medical 
decision. 

56. The method of claim 55, further comprising the step of executing the 
second at least one user decision after the step of receiving the second at least one 
user-decision. 
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57. The method of claim 55, further comprising learning to predict the second 
user-decision from the second quantity of data received. 

58. The method of claim 57, wherein the step of learning further comprises 
updating at least one learning module chosen from a group consisting of behavioral 
models, rule-based algorithms, learning-based algorithms, and neural networks. 

59. The method of claim 57, wherein the step of learning further comprises 
customizing a plurality of operations to at least one parameter chosen from a group 
consisting of preferences of a user, habits of a user, medical specialties of a user, 
patient populations of a user, preferences of a group of users, habits of a group of 
users, medical specialties of a group of users, and patient populations of a group of 
users. 

60. The method of claim 38, further comprising displaying an electronic 
medical chart graphical user interface. 

61. The method of claim 38, wherein the first at least one user comprises a 
specialist in a field of medicine. 

62. The method of claim 38, wherein the first at least one user comprises a 
billing specialist or a coding specialist. 

63. A software program, embodied on a computer-readable medium, 
incorporating the method recited in claim 38. 

64. A computer-based system for adaptively supporting medical decisions of 
at least one user, comprising: 

means for receiving data; 
means for predicting medical decisions; 
means for receiving at least one user-decision; 
display means; and 

means for learning to predict the at least one user-decision, from the data 
received. 

44 



SUBSTITUTE SHEET (RULE 26) 



WO 02/33654 



PCT/USO 1/31760 



65. The system of claim 64, wherein the system comprises at least one 
portable computing device. 

66. The system of claim 64, wherein the system comprises a host computer 
and at least one portable computing device. 

67. The system of claim 66, wherein the at least one computing device is 
linked to a medical instrument. 

68. The system of claim 66, wherein the at least one computing device is 
integrated with a medical instrument. 

69. The system of claim 66, wherein each computing device communicates 
with the host computer via a wireless communication means. 

70. The method of Claim 69, wherein the wireless communication means is 
chosen from a group consisting of radio signals, infrared signals, or pulse codes. 

71. The system of claim 64, further comprising a means for displaying an 
electronic medical chart graphical user interface. 

72. The system of claim 64, wherein the means for learning comprises at least 
one learning module selected from a group consisting of at least one behavioral 
model, at least one rule-based algorithm, at least one learning-based algorithm, and at 
least one neural network. 
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